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Background: Atrial arteries arise from the right and left circumﬂex coronary arteries and they may be
accidentally occluded during percutaneous coronary angioplasty; however, this complication is not well
known. The aim of our study was to analyze the incidence and risk factors of accidental atrial branch occlusion
(ABO) during elective angioplasty.
Methods and Materials: Clinical records and coronary angiography of 200 patients undergoing elective
angioplasty were retrospectively analyzed. Atrial branches were identiﬁed and in each vessel we measured
the luminal diameter, ﬂow grade, and the location of atherosclerotic plaques. Patients were allocated either
into the ABO group if atrial branch ﬂow fell from TIMI grades 2–3 to 0–1 after procedure or in the non-ABO
group if TIMI ﬂow was preserved.
Results: Atrial branch occlusion occurred in 43 (21.5%) patients. The atrial branch diameter was larger in non-
ABO than in ABO group (1.29 mm, SD 0.33 versus 0.97 mm, SD 0.22, p = b0.0001). Plaques at atrial branch
origin were present in 93% of ABO group, only in 31.8% of non-ABO (p ≤ 0.0001). Predictors of ABO were a
cut-off vessel diameter of 1.00 mm (ROC 77% sensitivity and 67.5% speciﬁcity, p ≤ 0.0001), the presence of
atherosclerotic plaque at the ostium of atrial branch and maximal inﬂation pressure during stenting.
Conclusions: The occurrence of ABO is frequent after elective angioplasty of right or circumﬂex coronary
arteries in an experienced interventional center. Risk factors were the diameter and the presence of ostial
plaques in the atrial branches, and the maximal inﬂation pressure during stenting.
© 2013 The Authors. Published by Elsevier Inc. Open access under CC BY-NC-ND license.1. Introduction
Side-branch occlusion (SBO) of coronary arteries arising from an
atherosclerotic coronary segment may happen during percutaneous
coronary angioplasty (PTCA) [1–3]. Accidental occlusion of atrial
coronary branches could also occur after PTCA (see Fig. 1), but the
incidence of this complication is unknown. Atrial arteries arise from
the right and circumﬂex coronary arteries and extend through the
atrial myocardium to supply both chambers. It is therefore conceivablehe reliability and freedom from
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nc. Open access under CC BY-NC-ND licensethat PTCA of lesions located at the right or circumﬂex coronary arteries
could lead to an accidental atrial branch occlusion (ABO). However, the
incidence and risk factors related to this complication have not been
systematically analyzed and only one study reports the incidence of
occlusion of sinus node artery in patients undergoing right coronary
angioplasty [4]. The clinical relevance of ABO is not well established.
There is indirect evidence from clinical and necropsic studies [5–11] to
support the hypothesis that, like it occurs during ventricular
myocardial ischemia [12–14], atrial myocardial ischemia secondary
to ABOmight lead tomechanical atrial dysfunction, increased electrical
vulnerability to atrial arrhythmias, and late structural remodeling.
The aim of our study was to analyze the incidence of accidental
ABO during elective PTCA of the right and circumﬂex coronary arteries
in an experienced coronary interventional center. Moreover, we
compare the clinical proﬁle and technical procedural characteristics in
patients with and without accidental ABO after elective PTCA.
2. Materials and methods
2.1. Study population
From a total number of 2149 PTCAs performed between January 1,
2009 and February 28, 2011 in our institution, we retrospectively.
Fig. 1. An illustrative case of atrial branch occlusion after elective percutaneous transluminal coronary angioplasty. Panel A shows an atrial branch (Ab) arising from the proximal
segment of the right coronary artery (RCA), before the intervention. Panel B shows occlusion of the atrial branch after stent implantation in the RCA.
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and circumﬂex coronary arteries. Therefore, we ﬁnally include the 200
patients in whom the placement of the stent could interfere the atrial
branch ﬂow. This could happenwhen a) the treatment of target lesion
forces to place the stent across the origin of atrial artery, or b) the
distance between the extreme of the stent and the origin of atrial
branch is less than or equal to 5 mm assessed by Quantitative
Coronary Assessment (QCA) software (Philips Allura Xper FD 10). In
order to facilitate the use of our data in future prospective studies
addressed to determine the clinical consequences of isolated atrial
ischemia, patients submitted to PTCA in the setting of acute
myocardial infarction were not included.
2.2. Study protocol
All patients were admitted to the hospital at least 1 day before the
intervention. In all cases the clinical history, physical examination, 12-
lead ECG, routine blood test, and myocardial markers were collected
retrospectively whenever available. We also registered the type of
vascular access, the indication for angioplasty, the need for predilata-
tion or postdilatation, and the characteristics of the implanted stent.
All patients gave written consent prior to coronary intervention.
2.3. Angiographic analysis
Coronary angiography was reviewed by two interventional
cardiologists. All frames were calibrated with the tip of the catheter
as a reference guide before contrast injection. Two orthogonal
projections were used before and after stent implantation. Whenever
a patient had two or more atrial branches arising from the same
coronary artery, we selected for this study the largest branch. In each
coronary segment, we measured the luminal diameters and the
percentage of stenosis using the QCA. The coronary artery ﬂow was
qualitatively evaluated using the TIMI score [15]. Patients were
divided into two groups according to the loss or preservation of the AB
ﬂow at the end of angioplasty. ABO group were those patients in
whom the AB ﬂow fell from TIMI grades 2–3 to 0–1 after the
procedure. Non-ABO group were those patients in whom the baseline
TIMIwas normal and did not change after PTCA.We also evaluated the
length of the coronary lesion and the plaque composition character-istics according to the American College of Cardiology/American Heart
Association (ACC/AHA) classiﬁcation [16]. In each AB, we speciﬁcally
analyzed the presence of atherosclerotic plaques, maximal luminal
diameter, and TIMI ﬂow before and after the PTCA. To assess the
spatial relationship between the location of the target atherosclerotic
plaques for PTCA and the output of the AB, we followed the Medina's
classiﬁcation [17].
2.4. Data analysis
Due to the variety of stent models implanted in this series of
patients, the inﬂuence of a given model on ABO could not be
speciﬁcally analyzed and therefore we created the variable
“Bare-metal stent (BMS) versus drug-eluting stent (DES)” to asses
statistical differences.
Descriptive analyses were performed at the ﬁrst step. Categorical
variables were described by frequencies and percentages and
statistical differences were analyzed using a 2 × 2 table test and
the χ2 test. Continuous variables were described by the mean ±
standard deviation and statistical differences were analyzed using
the Student's t test in the case of a normal distribution. A
multivariable logistic regression model was performed, adjusting
for the covariates statistically signiﬁcant at the univariable analysis
(p value less than 0.20 as a criterion of entry into multivariate
analysis), to identify independent predictors of ABO. A forward step
method was used to deﬁne the ﬁnal model and the independent
predictors of ABO. Additionally, the ﬁnal model was adjusted for
those variables categorized as clinically relevant. Signiﬁcant pre-
dictors of ABO were expressed in terms of odds ratio and 95%
conﬁdence intervals (CIs). To assess the model's predictive ability of
our data, we calculated the area under the receiver operating
characteristics following a nonparametric distribution assumption. A
p value less than 0.05 was considered statistically signiﬁcant. For all
calculations we used the software SPSS for Windows (IBM, SPSS
Statistics, 19 version).
3. Results
Accidental ABO after elective PTCA occurred in 43 (21.5%) of 200
patients in this study.
Table 2
Coronary angiographic ﬁndings.
Cases
(n = 43)
Controls
(n = 157)
p Value
Origin of AB
RCA 2 (4.7%) 11 (7%) 0.4789
LCX 0 (0%) 4 (2.5%)
Both 41 (95.3%) 142 (90.4%)
Origin of SN artery
RCA 29 (67.4%) 102 (65%) 0.7624
LCX 14 (32.6%) 55 (35%)
Origin of AVN artery
RCA 40 (93%) 133 (84.7%) 0.3604
LCX 1 (2.3%) 10 (6.4%)
Undetermined 2 (4.7%) 14 (8.9%)
ABO from LCX 22.2% 20.0% 0.720
Index AB supplying the SN 20 (46.5%) 94 (59.9%) 0.1169
AB diameter (mm) 0.97 ± 0.22 1.29 ± 0.33 b0.0001
AB ostial atherosclerotic plaque 40 (93%) 50 (31.8%) b0.0001
Bifurcation lesiona 36 (83.7 %) 88 (56.1%) b0.0001
1-0-0 0 4
0-1-0 1 19
1-1-0 7 24
1-0-1 0 3
0-1-1 0 9
1-1-1 28 29
Diameter estenosis (%) 83.3 ± 9.2 84.0 ± 11.8 0.690
AHA/ACC lesion type
A 1 (2.3%) 14 (8.9%) 0.470
B1 14 (32.6%) 42 (26.8%)
B2 17 (39.5%) 57 (36.3%)
C 11 (39.5%) 44 (28%)
Abbreviations: AB = atrial branch; RCA = right coronary artery; LCX = circumﬂex
coronary artery; Sn = sinus node; AVN = atrio-ventricular node.
a According to Medina's classiﬁcation [17].
Table 3
Procedural PTCA characteristics.
Cases
(n = 43)
Controls
(n = 157)
p Value
Balloon predilatation 35 (81.4%) 126 (80.3%) 0.867
Balloon postdilatation 26 (60.5%) 71 (45.8%) 0.089
Stent types
BMS 15 (34.9%) 52 (33.1%) 0.886
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As shown in Table 1, there were no signiﬁcant differences in
demographic and cardiovascular risk factors between the two groups
of patients, except for the incidence of diabetes mellitus, which was
higher in the controls, but lost its signiﬁcance after the logistic
regression analysis.
The indication for PTCA was unstable angina in 55% cases, stable
angina in 33.5% and chronic total coronary occlusion (CTO) in the
remaining patients. The distribution of these percentages was
comparable among the two groups. In 67.5% of patients the
angioplasty was performed on the RCA (ABO: 30, non-ABO: 105,
p = 0.72) and in 32.5%, it was performed on the LCX (ABO: 13, non-
ABO: 52, p = 0.72). The vascular approach used was the radial artery
in 103 patients (ABO: 23, non-ABO: 80, p = 0.77) and the femoral
artery in the remaining cases (ABO: 20, non-ABO: 77, p = 0.77).
3.2. Angiographic ﬁndings
As illustrated in Table 2, the atrial branches arise from both right
and circumﬂex coronary arteries in at least 90% of patients. The atrial
branches supplying the sinus node and the AV node originate in most
instances from the right coronary artery. In about half of cases, the
index atrial branch corresponded to the sinus node artery (cases: 20,
controls: 94, p = 0.1169). The average size of the atrial branch in the
non-ABO group was higher than in the ABO group (1.29 SD 0.33 mm
vs. 0.97 SD 0.22 mm, p ≤ 0.0001). Table 2 also shows that the
presence of atherosclerotic plaques in the ostium of the atrial
branches was more frequent in ABO than in non-ABO patients.
Likewise, the ABO group also depicted a closer proximity of the atrial
branch to the atherosclerotic plaque in the right or circumﬂex
coronary arteries, indicating that patients with ABO had a higher
incidence of bifurcation lesions. Moreover, plaques affecting the atrial
branches and the proximal and distal segments of the epicardial
coronary artery (type 1-1-1) are more frequently seen in ABO than in
non-ABO patients [ABO: 28/36 (77.7%), non-ABO 29/88 (32.9%),
p ≤ 0.0001]. The complexity of the target PTCA coronary lesion
assessed by ACC/AHA classiﬁcation was similar in both groups of
patients (type A: 2.3% in ABO vs. 8.9% in non-ABO; type B1: 32.6% vs.
26.8%; type B2: 39.5% vs. 36.3%; type C: 25.6% vs. 28%, p = ns). The
average stenosis of the epicardial coronary artery was similar in both
groups (83.3% in ABO vs. 84.0% in non-ABO, p = ns).
As shown in Table 3, during PTCA, the number of patients
undergoing predilatation and postdilatation procedures was compa-
rable in both groups. Moreover, the distribution of the different types
of implanted stents and their platform was also similar in non-ABO
and in ABO patients. However, the maximal inﬂation pressure duringTable 1
Demographic and clinical characteristics of the studied patients.
Total
(n = 200)
Cases
(n = 43)
Controls
(n = 157)
p Value
Age (years) 66.9 ± 11 66.4 ± 11 67.0 ± 11 0.7515
Male, n (%) 164 (82) 37 (86) 127 (80.9) 0.4357
Smokers, n (%) 114 (57) 25 (58.1) 89 (56.7) 0.8647
Arterial hypertension, n (%) 145 (72.5) 34 (79.1) 111 (70.7) 0.2762
Dyslipidemia, n (%) 130 (65) 33 (76.7) 97 (61.8) 0.0684
Diabetes mellitus, n (%) 83 (41.5) 12 (27.9) 71 (45.2) 0.0412
Obesity, n (%) 57 (28.5) 11 (25.6) 46 (29.3) 0.6323
Chronic ischemic heart
disease, n (%)
130 (65) 31 (72.1) 99 (63.1) 0.2711
Chronic heart failure, n (%) 30 (15) 4 (9.3) 26 (16.6) 0.2376
NYHA class II, n (%) 24 (12) 4 (9.3) 20 (12.7)
NYHA class III, n (%) 6 (3) 0 6 (3.8)
Atrial ﬁbrillation, n (%) 12 (6) 2 (4.7) 10 (6.4) 0.6742
Left ventricular ejection
fraction (%)
56.4 56.3 56.4 0.9719the liberation of stent was higher in the ABO group than in the non-
ABO group (17.7 vs. 16.6 atm, p = 0.014, respectively).
3.3. Predictive factors
As shown in Table 4, the atrial branch diameter, presence of
atherosclerotic plaque at the ostium of atrial branches and maximalTitan® 3 9
Genous® 2 9
Pro-kinetic® 2 5
Others 8 29
DES 27 (62.8%) 95 (60.5%)
Xience® 9 42
Cypher® 6 16
Taxus® 4 11
Others 9 26
PTCA without stent 1 (2.3%) 10 (6.4%)
Max inﬂation pressure
during stenting (atm)
17.7 16.6 0.014
Length of the stent (mm) 22.7 ± 7.7 21.1 ± 7.2 0.234
Stent diameter (mm) 3.1 ± 0.5 3.0 ± 0.5 0.063
Stent platform
Stainless steel 15 (35.7%) 49 (33.6%) 0.474
Cobalt–chrome 27 (64.3%) 92 (63%)
Platinum–chrome 0 (0%) 5 (3.4%)
Strut thickness (μm) 96.2 94.1 0.535
Open/closed-cell stent,
n (%)
30 (71.4%)/
12 (28.6%)
120 (82.2%)/
26 (17.8%)
0.126
Abbreviations: PTCA = percutaneous transluminal coronary angioplasty; BMS =
bare-metal stents; DES = drug-eluting stents.
Table 4
Predictors of atrial branch occlusion.
Odds ratio 95% CI p Value
Maximal inﬂation pressure
during stenting
1.27 1.07–1.52 0.006
AB ostium plaques 50.44 11.76–216.33 b0.0001
AB diameter 0.63 0.51–0.77 b0.0001
Abbreviations: AB = atrial branch. This model was adjusted by predilatation,
postdilatation, type of stent, platform of stent, strut thickness, cell design of stent,
length of stent, diameter of stent, AB diameter, AB ostial atherosclerotic plaque,
bifurcation lesion, dyslipidemia, and diabetes mellitus.
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multivariate analyses. However, none of the factors related to the
procedure (predilatation, postdilatation, type, platform, strut thick-
ness, cell design, length and diameter of stent, AB diameter, AB ostial
atherosclerotic plaque, bifurcation lesion) or dyslipidemia or diabetes
mellitus reached statistical signiﬁcance. The ROC curve (Fig. 2)
showed that an atrial branch diameter cut-off value of 1.00 mm had
a sensitivity of 77% and a speciﬁcity of 67.5% to predict ABO after
elective PTCA (p ≤ 0.0001).
4. Discussion
4.1. Main ﬁndings
This study reveals that accidental occlusion of atrial coronary
branches occurred rather frequently in patients submitted to elective
PTCA of the right or circumﬂex coronary arteries in an experienced
coronary interventional center. Data also indicated that this compli-
cation is more frequent in patients with atrial branches of less than
1.00 mm in diameter, and occurred when this vessel is affected by
ostial atherosclerosis and when higher maximal inﬂation pressure
during stenting is applied.
4.2. Atrial coronary anatomy
Blood supply to the atrial myocardial in humans is afforded by
vessels arising from the right and circumﬂex coronary arteries [18].
Our study is concordant with this description as it shows that more
than 90% of our patients had atrial branches arising from both the
right and circumﬂex coronary arteries. Likewise, we also observed
that the arteries supplying the sinus and AV nodes originate in most
instances from the right coronary artery. Knowledge of themagnitudeFig. 2. Predictive value of atrial branch diameter. ROC curve illustrates the sensitivity
and speciﬁcity of the 1-mm atrial branch diameter cut-off for predicting atrial branch
occlusion after elective percutaneous transluminal coronary angioplasty.of atrial branch diameter in a series of normal subjects is not presently
available, but our study indicates that themean atrial branch diameter
in patients with ischemic heart disease is about 1.23 mm (SD 0.34)
thus highlighting the concept that these vessels should not be
overlooked. The prevalence of atherosclerotic involvement of the
atrial arteries is not well known, but this study shows that 45% of our
patients had appreciable atherosclerotic disease in the origin of the
atrial branches.
4.3. Atrial branch occlusion
The incidence of accidental occlusion of atrial branches after PTCA
has not been systematically analyzed. A few case-report studies
[19,20] have afforded limited information and a study by Kotoku et al.
[4] in 80 patients submitted to elective PTCA of the proximal right
coronary artery revealed that 17.5% of cases presented an occlusion of
the sinus node artery leading to transient sinus node dysfunction in
some patients. Our study shows that 21.5% of patients undergoing
elective PTCA presented accidental occlusion of atrial branches with a
comparable incidence whenever the right or the circumﬂex coronary
arteries were treated (22% and 20%, respectively). Differences in the
incidence of ABO during PTCA of the right coronary artery between
the study of Kotoku et al. [4] and ours may account for the fact that in
their series only the sinus node artery was analyzed, while in our
study we evaluated the largest atrial branch arising from the right
coronary artery, independently of whether or not this was the sinus
node artery.
The mechanism by which atrial branches may be occluded during
PTCA is not well known. However, if we extrapolate the information
derived from studies on SBO [21–23], possible causal mechanisms of
ABO could be persistent coronary spasm or the displacement of the
atherosclerotic plaque. Coronary vasospasm of the atrial branch
cannot be ruled out in our study because a second testing angiography
was not further performed. However, our data reinforce the notion
that displacement of an atherosclerotic plaque may be a plausible
mechanism. Indeed, we have observed that ABO occurred more
frequently in patients with bifurcations lesions with ostial AB
atherosclerosis and when higher maximal inﬂation pressure during
stenting is applied. These ﬁndings are in agreement with the
predictors reported previously in patients with SBO after PTCA such
as the baseline reference diameter of SB and the presence of
signiﬁcant stenosis at the origin of the SB [1–3,21].
4.4. Study limitations
Due to the retrospective design, this study can be exposed to
patient selection bias. However, the included patients were consec-
utive and were admitted to the hospital during a well deﬁned 2-years
period of time. The lack of a second coronariography after the index
PTCA does not allow to exclude that ABO was indeed caused by a
transient atrial coronary spasm. However, a second testing angiogra-
phy is not indicated since at present time there are no clinical
guidelines for ABO. Finally, the large variety of the stent types
implanted during this study does not allow to demonstrate any
possible association between a particular stent model and the
occurrence of ABO.
4.5. Clinical implications
The clinical consequences of acute occlusion of atrial arteries after
PTCA have not been prospectively analyzed. However, there are
several case-report studies showing that patients with ABO may
develop atrial myocardial infarction, sinus node dysfunction and atrial
ﬁbrillation [4,5,11,19,20]. The close association between the
latter arrhythmia and atrial myocardial ischemia was demonstrated
in an experimental study in situ dog hearts [24] where the
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assessed by epicardial mapping of local electrograms and continuous
ECG loop recordings [25]. These studies have demonstrated that acute
atrial ischemia creates a substrate capable to elicit and maintain atrial
ﬁbrillation. Our study reveals that the incidence of accidental ABO is
relatively high and the consequences in terms of atrial arrhythmo-
genesis are expected to be of clinical relevance. Prospective studies
aimed to elucidate the speciﬁc role of ABO as a risk factor for atrial
ﬁbrillation are warranted.
5. Conclusion
Atrial branch occlusion is a relatively frequent complication of
elective PTCA of the right or circumﬂex coronary arteries and the risk
factors for this event are an AB diameter of less than 1 mm, the
presence of atherosclerotic plaque at the ostium of AB and when
higher maximal inﬂation pressure during stenting is applied.
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